Predictors of sudden cardiac death after mustard or senning repair for transposition of the great arteries  by Kammeraad, Janneke A.E. et al.
P
D
R
J
M
M
U
B
g
u
w
s
u
c
d
t
(
g
u
s
U
H
o
N
C
o
C
U
C
g
s
g
K
N
C
2
Journal of the American College of Cardiology Vol. 44, No. 5, 2004
© 2004 by the American College of Cardiology Foundation ISSN 0735-1097/04/$30.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2004.05.073redictors of Sudden Cardiac
eath After Mustard or Senning
epair for Transposition of the Great Arteries
anneke A. E. Kammeraad, MD,* Carolien H. M. van Deurzen, MD,* Narayanswami Sreeram, MD,*
argreet Th. E. Bink-Boelkens, MD,† Jaap Ottenkamp, MD,‡ Willem A. Helbing, MD,§ Jan Lam, MD,
artha A. Sobotka-Plojhar, MD,¶ Otto Daniels, MD,# Seshadri Balaji, MD**
trecht, Groningen, Leiden, Rotterdam, Amsterdam, and Nijmegen, the Netherlands; and Portland, Oregon
OBJECTIVES The goal of this research was to identify predictors for sudden death (SD) in patients with
transposition of the great arteries (TGA) who have undergone atrial inflow repair.
BACKGROUND Sudden death is the most common cause of late death after atrial inflow repair of TGA. Little
is known about the predictors of SD.
METHODS This was a retrospective, multicenter, case-controlled study. We identified 47 patients after
Mustard’s or Senning’s operation who experienced an SD event (34 SD, 13 near-miss SD).
Each patient was matched with two controls with the same operation, but without an SD
event. Information on numerous variables before the event was obtained and compared with
controls at the same time frame.
RESULTS Presence of symptoms of arrhythmia or heart failure at most recent follow-up and history of
documented arrhythmia (atrial flutter [AFL]/atrial fibrillation [AF]) were found to increase
the risk of SD. Electrocardiogram (ECG), chest X-ray, and Holter ECG findings were not
predictive of SD. Neither medication nor pacing was found to be protective. Most SD events
(81%) occurred during exercise. Ventricular tachycardia/ventricular fibrillation were the
recorded rhythm during SD in 21 of 47 patients.
CONCLUSIONS Presence of symptoms and documented AFL/AF are the best predictors of SD in TGA
patients. Patients with these findings should be further evaluated for risk of SD. (J Am Coll
Cardiol 2004;44:1095–102) © 2004 by the American College of Cardiology FoundationM
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cefore the 1980s, most patients with transposition of the
reat arteries (TGA) were treated by atrial inflow correction
sing the Mustard’s or Senning’s operation. Many children
ho underwent these operations are now adults. While their
urvival rate has been good (1–7), arrhythmia, right ventric-
lar (RV) dysfunction, and late death are well-recognized
omplications (1–9). One cause of late death is sudden
eath (SD) with an incidence of 2% to 15% (1–10). It was
he most common cause of late death in some studies
1,2,8). Little is known about risk factors for SD in this
roup.
In an attempt to establish predictive factors for SD, we
ndertook a multicenter, retrospective, case-controlled
tudy.
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ll patients who had undergone a Mustard or Senning
peration from the participating institutions, and had suf-
ered either SD or near-miss SD were included. Sudden
eath was defined as acute unexpected cardiovascular col-
apse resulting in death or from which the patient never
egained consciousness (11). Near-miss SD was defined as
cute cardiovascular collapse with successful cardiopulmo-
ary resuscitation or documented appropriate implantable
ardioverter-defibrillator (ICD) discharge. We excluded
atients in severe heart failure who were considered terminal
nd whose death was expected.
With these criteria we identified 47 SD cases (34 SD and
3 near-miss SD). This group of patients will henceforth be
eferred to as SD group. For each of the SD patients, we
atched two control patients. Matching criteria were type
f operation, operation date within three years from corre-
ponding SD case, and age at operation as close as possible
o that of the corresponding SD case. Controls were
btained from the same center (and surgeon) as the corre-
ponding SD case. According to these criteria, we were able
o identify 93 suitable control patients (we were able to find
nly one control for one of the SD cases). All medical
ecords were reviewed, and data from the last full assessment
ithin five years of the event were used for analyses. For
ontrols, data collected pertained to that which had been
ollected around the time of the event in the corresponding
D case.
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Predictors of Sudden Death After Atrial Switch September 1, 2004:1095–102All available electrocardiograms (ECG), chest X-rays,
olter 24-h ECGs, echocardiogram reports, exercise test
eports, cardiac catheterization, and electrophysiology study
eports were reviewed. Data collection was completed in
eptember 2002. The study was approved by the institu-
ional review boards of the participating centers.
An adequate surgery database had been maintained in
nly five of the eight participating centers in our study. In
hose five centers, a total of 582 Mustard’s or Senning’s
perations were performed with a mean SD incidence of
%. The incidence of SD was different for each of these five
enters, ranging between 3% and 11%. Of the 47 SD cases
n our study population, 5 had undergone Senning’s oper-
tion and 42 Mustard’s operation.
efinitions. Transposition of the great arteries was called
imple if the ventricular septum was intact or when a small,
emodynamically insignificant ventricular septal defect was
resent. Complex TGA was defined as the presence of a
entricular septal defect requiring closure or another lesion,
uch as ventricular outflow tract obstruction requiring sur-
ical intervention. Closed patent ductus arteriosus, aberrant
essels, and repaired coarctation of the aorta did not
onstitute “complex.”
Heart size measured on X-ray was divided into normal
cardiothoracic [CT] ratio 50%) and enlarged (CT ratio
50%). The RV size was subjectively assessed as normal or
nlarged from the echocardiography reports from each
nstitution. Likewise, RV function was assessed as satisfac-
ory, moderately impaired, or severely impaired. Exercise
olerance during exercise tests was quantified as normal
100%), slightly decreased (80% to 100%), decreased (60%
o 80%), or poor (60%), given as the percentage of the
ormal value expected for age, body weight, and gender.
inus node disease (SND) was defined as absence of sinus
hythm with presence of atrial or junctional escape rhythm
s dominant rhythm. Sparse sinus beats occurring within a
ominant escape rhythm were also considered SND. Pa-
ients with paroxysmal episodes of atrial flutter(AFL)/
brillation (AF), whose underlying rhythm was sinus, were
ot considered to have lost sinus rhythm. Frequent su-
raventricular or ventricular extra systoles were noted as
Abbreviations and Acronyms
AF  atrial fibrillation
AFL  atrial flutter
CT  cardiothoracic
ICD  implantable cardioverter-defibrillator
RV  right ventricle/ventricular
SD  sudden death
SND  sinus node disease
TGA  transposition of the great arteries
VF  ventricular fibrillation
VT  ventricular tachycardiarrhythmia if 100 extra beats per h. ptatistical analysis. Descriptive statistics are reported as
requency, median, or mean value and range or standard
eviations as appropriate. Data were analyzed using SPSS
oftware for Windows (SPSS Inc., Chicago, Illinois).
Risk factors for SD event were identified by univariate
onditional logistic regression analyses. Results are reported
s odds ratios with 95% confidence intervals for significant
redictors. Because many risk factors were tested within the
ame data set, we considered a p value of 0.005 as
tatistically significant.
ESULTS
aseline characteristics, preoperative palliation, early postoper-
tive arrhythmia, and reoperations are shown in Table 1.
vents. Thirty-four events (81%) occurred during exercise,
(12%) patients died during sleep, and 3 (7%) patients had
preexisting sustained AFL/AF going on during the 1 to 2
ays before the event. For 5 of the 34 patients who died, no
nformation was available regarding the circumstances of
heir death.
Mean age at event was 12.3 years (median, 9.7 years;
ange, 0.3 to 32.0 years) and average interval postsurgery
0.6 years (median, 7.9 years; range, 0.3 to 28.8 years). A
otal of 30 of 47 events (64%) occurred 12 years after
urgery. No clustering in either age or follow-up time was
ound.
Autopsy reports were available for 14 patients (41%).
hey showed bronchopneumonia (n  2), fibrosis around
he conduction system (n  2), detached pacemaker lead (n
1), pulmonary vein stenosis (n  1), pulmonary vein
tenosis with pulmonary hypertension (n  1), one pulmo-
ary vein from left lung (n  1), fresh thrombus in the
oronary artery and irreversible pulmonary hypertension (n
1), fresh thrombus in coronary artery (n  1), and left
entricular outflow tract obstruction (n  1). No abnormal-
ties were found in three patients.
For eight SD cases, rhythm documentation was available
t time of event and showed ventricular tachycardia (VT) or
entricular fibrillation (VF). Of the 13 patients with a
ear-miss SD, 10 had documented VT or VF at the time of
he event; the other 3 patients had loss of consciousness
ithout pulsations felt by onlookers, and, in all, cardiopul-
onary resuscitation was successful, without need for defi-
rillation.
A total of 7 of 13 patients with near-miss SD received
ither an ICD (n 4) or a pacemaker (n 3). Of the three
atients receiving pacemakers, one had SND and two had
oor escape rhythm after medication to suppress arrhyth-
ia.
Four patients, who suffered a near-miss SD, died at
ollow-up. Two died from neurologic damage within 24 h
nd 2 months, respectively, despite regaining heart rhythm.
ne other patient died of VF while awaiting heart trans-lantation 14 months after the initial event. The fourth
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September 1, 2004:1095–102 Predictors of Sudden Death After Atrial Switchatient died six years after the initial event from an
nknown cause.
ymptoms. Data regarding symptoms just before the event
ere available for 45 SD patients and 92 controls. Presence
f symptoms of arrhythmia (palpitations and syncope) and
eart failure (recurrent upper respiratory tract infections,
ecreased exercise tolerance, tiredness, and shortness of
reath) were significant risk factors for SD (Table 2).
tandard 12-lead ECG. Electrocardiograms were avail-
ble for 44 SD cases and 84 controls. Twenty-six SD
atients (59%) showed sinus rhythm on ECG, as did 54
ontrols (64%) (Table 3) (p  NS). Mean QRS duration,
T and QTc intervals, and heart rate are listed in Table 3
nd showed no difference between the two groups (Table 2).
QRS duration of 100 ms was noted in 12 of 39 SD
ases (31%) and 15 of 78 control patients (19%) (ventricular
aced patients were excluded from this analysis). This was
ot statistically significant (Table 2). QT dispersion times
ere not significantly different between the two groups
ither (Table 2).
olter 24-h ambulatory ECG monitoring. Holter 24-h
CG was available in 26 SD cases and 40 controls. The
ominant heart rhythm on Holter is shown in Table 3.
resence of nonsinus rhythm at baseline just failed to
each statistical significance as a risk factor for SD (Table 2).
Table 1. Baseline Characteristics
Male
Female
Simple TGA
Complex TGA
Preoperative palliation
None
Rashkind balloon atrioseptostomy
Blalock Hanlon atrioseptectomy
Banding pulmonary artery
Blalock Taussig shunt
Type of surgery
Mustard
Senning
Median age at surgery (yrs [range])
Surgical era
Postoperative (2 weeks) arrhythmia
None
Sinus bradycardia
Nodal rhythm
AV block
Atrial flutter/fibrillation
Cardiopulmonary arrest
Reoperations
Baffle repair
Enlargement pulmonary venous drainage
Other
Data are presented as n (%). Numbers with respect to preope
add up because some patients had more than one interventi
AV  atrioventricular; SD  sudden death; TGA  trahe mean of the mean, minimum and maximum heart rates cn 24-h Holter recording was similar for the two groups
Table 2).
A total of 42% (11 of 26) of SD cases and 23% (9 of 40)
ontrols showed episodes of arrhythmia on Holter. This
ifference was not statistically significant (Table 2). Three
12%) of SD patients and one control (3%) had AF. Three
D cases (12%) had frequent supraventricular extrasystoles.
ne SD patient had frequent ventricular extrasystoles.
entricular tachycardia was present in two SD cases. One
D case and four controls showed episodes of sinus arrest.
ne SD case and four controls showed episodes of junc-
ional escape at rest or at night.
rrhythmia during follow-up. Of 47 SD cases, 34 (72%)
ad a documented arrhythmia before their event, in contrast
ith only 47 of 93 controls (51%). Presence of arrhythmia
as a significant risk factor for SD (Table 2). Atrial flutter
r atrial fibrillation was the chief tachyarrhythmia. Presence
f SND barely approached significance (Table 2).
In 15 SD cases (30%) and 9 controls (10%), more than 1
rrhythmia was diagnosed. A total of 28 SD cases suffered
ND, and, of these, 14 (50%) also had AFL/AF. One SD
atient with SND had frequent ventricular extrasystoles. Of
he 41 controls with SND, 9 (22%) also had documented
FL/AF. The mean interval between surgery and first
rrhythmia was 4.0 years (range, 0 to 22.3 years) for SD
SD Cases
(n  47)
Controls
(n  93)
35 (74.5%) 74 (79.6%)
12 (25.5%) 19 (20.4%)
36 (76.6%) 75 (80.6%)
11 (23.4%) 18 (19.4%)
1 (2.1%) 2 (2.2%)
39 (83%) 76 (81.7%)
11 (23.4%) 28 (30%)
2 (4.3%) 1 (1.1%)
0 (0%) 1 (1.1%)
42 (89.4%) 83 (89.2%)
5 (10.6%) 10 (10.8%)
1.1 (0–6.9) 1.2 (0–8.0)
1967–1993 1965–1989
17 (36.2%) 44 (47.3%)
0 (0%) 4 (4.3%)
12 (25.5%) 16 (17.2%)
4 (8.5%) 4 (4.3%)
9 (19.1%) 4 (4.3%)
0 (0%) 3 (3.2%)
9 (19.1%) 19 (20.4%)
4 (8.5%) 13 (14%)
3 (6.4%) 4 (4.3%)
3 (6.4%) 8 (8.6%)
alliation, postoperative arrhythmia, and reoperations do not
rrhythmia.
tion of the great arteries.rative p
on or a
nsposiases and 3.7 years (range, 0 to 15.6 years) for controls. The
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Predictors of Sudden Death After Atrial Switch September 1, 2004:1095–102ean interval between the first episode of arrhythmia and
D event was 7.2 years (range, 0.5 to 27.4 years). No
ssociation was found between the occurrence of SD and
he time of onset of arrhythmia.
rrhythmia treatment. PACEMAKER IMPLANTATION. A
otal of 8 SD cases (17%) and 15 controls (16.1%) had a
Table 2. Variables for Which Conditional Log
in Mean OR With 95% CI
Symptoms
Symptomatic*
Arrhythmic symptoms*
Heart failure symptoms*
ECG
QRS duration
QT interval
QTc interval
QRS duration 100 ms
QT dispersion
Heart rate
Basal heart rhythm nonsinus
Chest X-ray
Enlarged heart size
24-h Holter
Basal heart rhythm nonsinus
Documented episodes of arrhythmia
Mean heart rate
Minimum heart rate
Maximum heart rate
History of arrhythmia in follow-up
Documented arrhythmia*
Documented SND in follow-up
Documented AFL/AF in follow-up*
Arrhythmia treatment
Pacemaker implantation
Medication treatment*
*Statistically significant risk factor (p  0.005).
AFL/AF  atrial flutter/atrial fibrillation; CI  confiden
able 3. Basal Heart Rhythm and Mean Variables on ECG and
SD Cases
(n  44)
inus rhythm 26 (59.1%)
V junctional rhythm 10 (22.7%)
trial rhythm 2 (4.5%)
FL/AF 1 (2.3%)
T 1 (2.3%)
VI paced 3 (6.8%)
AI paced 1 (2.3%)
ean ECG variables
QRS duration (ms) (range) 98.8 (60–200)
QT interval (ms) (range) 367 (240–530)
QTc interval (ms) (range) 426 (340–550)
QT dispersion (ms) (range) 59.4 (20–120)
Heart rate (beats/min) (range) 88 (38–150)
ean Holter variables
Mean heart rate (beats/min) (range)
Minimum heart rate (beats/min) (range)
Maximum heart rate (beats/min) (range)FL/AF  atrial flutter/atrial fibrillation; AV  atrioventricular; ECG  electrocardiograacemaker, which was implanted at average follow-up after
urgery of 12.1 years (range, 0.1 to 26.1 years) for SD cases
nd 8.6 years (range, 0 to 24.3 years) for controls. Although
ontrols tended to get a pacemaker implanted earlier,
tatistical analysis could not be performed due to small
umbers.
Regression Analysis Was Performed, Noted
Value OR (95% CI)
0.0005 6.45 (2.42–17.24)
0.003 21.60 (2.80–166.79)
0.001 4.44 (1.85–10.62)
0.723 0.32 (0.001–175.66)
0.668 0.16 (0.000–734.27)
0.193 1084.50 (0.029–4.1E  07)
0.251 1.980 (0.618–6.324)
0.126 0.988 (0.973–1.003)
0.054 1.017 (1.000–1.035)
0.790 1.112 (0.509–2.427)
0.053 2.227 (0.989–5.000)
0.037 5.260 (1.10–25.00)
0.431 1.770 (0.44–7.25)
0.527 0.980 (0.919–1.044)
0.952 1.001 (0.956–1.050)
0.803 0.996 (0.965–1.028)
0.005 3.473 (1.451–8.310)
0.035 2.405 (1.065–5.432)
0.001 4.866 (1.900–12.462)
0.550 0.641 (0.149–2.758)
0.002 5.159 (1.863–14.283)
erval; OR  odds ratio; SND  sinus node disease.
Holter Recording Before Event
24-h Holter
Controls
(n  84)
SD Cases
(n  26)
Controls
(n  40)
54 (64.3%) 9 (34.6%) 26 (65%)
19 (22.6%) 3 (11.5%) 1 (2.5%)
3 (3.6%) 12 (46.2%) 13 (32.5%)
1 (1.2%) 1 (3.8%) 0 (0%)
0 (0%) 0 (0%) 0 (0%)
4 (4.8%) 1 (3.8%) 0 (0%)
3 (3.6%) 0 (0%) 0 (0%)
93.8 (50–160)
377 (240–490)
413 (210–500)
74.1 (20–220)
76 (43–150)
73 (40–110) 75 (61–100)
48 (26–80) 46 (30–70)
149 (100–240) 150 (70–190)istic
p
24-h
ECGm; VT  ventricular tachycardia.
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September 1, 2004:1095–102 Predictors of Sudden Death After Atrial SwitchA total of 7 of 8 SD cases received a pacemaker for SND,
s did 14 of 15 controls. The others (1 SD and 1 control)
ad complete atrioventricular block. Pacemaker implanta-
ion turned out to have no protective value against SD
Table 2).
ARDIAC MEDICATION. At the time of event, 20 SD
atients (43%) and 17 controls (18%) were using cardiac
edication. Of 20 SD patients, 18 were on digoxin (4 also
n verapamil and 1 also on beta-blocker), and 2 were on
eta-blocker. Of the 17 controls, 9 were on digoxin (2 of
hom were also on beta-blocker), 3 on verapamil, 2 on
otalol, and 1 on amiodarone. Two (2%) were using an
ngiotensin-converting enzyme inhibitor. The use of car-
iac medication appeared to increase the risk for an SD
vent (Table 2).
hest X-ray. Chest X-rays were available for 42 SD patients
nd 77 controls. In 31 SD cases (64%) and 40 (52%) controls,
he heart size was enlarged (p  NS) (Table 2).
chocardiography. Echocardiography data are listed in
able 4. Right ventricular size was similar for SD cases and
ontrols. Sudden death cases, however, tended to have a
ore impaired RV function and slightly more tricuspid
egurgitation than controls. The incidence of baffle obstruc-
ion, as identified by echocardiography, was similar for the
wo groups. The paucity of available echocardiograms pre-
ented us from performing reliable statistical analysis.
ardiac catheterization. Data on cardiac catheterization
ere available in 16 SD cases and 27 controls. Mild systemic
affle obstruction was found in 4 SD cases (25%) and 5
ontrols (19%). A baffle leak was found in 3 SD patients
19%) and 4 (15%) controls. Mild pulmonary venous ob-
truction was found in 1 SD and 2 controls. One SD patient
ad both systemic and pulmonary venous obstruction. Left
entricular outflow tract obstruction was found in 1 SD and
control patients. One SD patient had abnormal pulmo-
ary venous drainage to the superior vena cava and another
able 4. Echocardiography Results
SD Cases Controls
ight ventricular size n  22 n  40
Normal 1 (4.5%) 2 (5%)
Enlarged 21 (95.5%) 38 (95%)
ight ventricular function n  19 n  31
Satisfactory 5 (26.3%) 16 (51.6%)
Mildly-moderately impaired 9 (47.4%) 14 (45.2%)
Severely impaired 5 (26.3%) 1 (3.2%)
ricuspid regurgitation n  18 n  42
Absent 4 (22.2%) 19 (45.2%)
Mild 8 (44.4%) 18 (42.9%)
Moderate 2 (11.1%) 3 (7.1%)
Severe 4 (22.2%) 2 (4.8%)
affle obstruction n  15 n  38
Absent 13 (86.7%) 31 (81.6%)
Present 2 (13.3%) 7 (18.4%)
ata are presented as n (%).
SD  sudden death.ad a calcified conduit from the left ventricle to the oulmonary artery. One control patient had a patent ductus
rteriosus detected.
Two of the SD cases and two of the controls with mild
ystemic venous baffle obstruction and one control patient
ith pulmonary venous obstruction subsequently underwent
affle repair. Two of four control patients with a baffle leak
nderwent repair. Two of the SD patients with an obstruc-
ion were also found to have a baffle leak.
Only 12 electrophysiology studies (2 SD cases, 10 con-
rols) were performed. Both SD case patients showed SND.
ontrol patients showed SND alone (n  3), atrioventric-
lar node dysfunction (n  1), SND plus atrioventricular
ode dysfunction (n  3), and inducible VT (n  1). Two
ontrols had a normal electrophysiology study. No statistical
nalysis was performed on the catheterization and electro-
hysiology data, due to small numbers.
xercise testing. Exercise tests were available in 13 SD
ases and 38 controls. In the SD group, exercise capacity
as normal in 2 (15%), slightly decreased in 5 (39%),
ecreased in 2 (15%), and poor in 4 (31%). In the control
roup, exercise capacity was normal in 8 (21%), slightly
ecreased in 19 (50%), decreased in 9 (24%), and poor in 2
5%).
Arrhythmias were induced during exercise in five (38%)
D cases and nine (24%) controls, including AF degener-
ting into VF in one SD patient. The others had junctional
hythm (two SD cases and seven controls) or ventricular
ctopy (two SD cases and two controls) either during
xercise or during the recovery phase. Statistical analyses
ould not be performed on exercise test data due to small
umbers.
ISCUSSION
n a large cohort of adult survivors with congenital heart
isease, Oechslin et al. (12) found SD was the most
ommon cause of late death. In patients operated by
ustard’s or Senning’s operation for TGA, studies have
hown an incidence of SD varying from 2% to 15% (1–9),
nd some have reported SD to be the most important cause
f late death (1,2,8). A population based study by Silka et al.
11) reported 7 SD among 172 TGA patients, giving an
ncidence of 4.9 per 1,000 patient-years.
Our study found presence of symptoms and presence of
ocumented AFL/AF to be associated with risk of SD.
nterestingly, both arrhythmic and heart failure symptoms
ere associated with SD. Use of cardiac medications was
lso a risk factor. It is not possible to say whether this
ndicates that patients on medications were a sicker group or
hether this represents a negative side effect of the drugs
hemselves.
Few of the SD in our study had undergone Senning’s
peration. Although paucity of numbers precluded direct
omparison, this finding probably reflects the superior
utcome for the Senning operation when compared with
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Predictors of Sudden Death After Atrial Switch September 1, 2004:1095–102he Mustard operation, as reported by several authors
4,5,10).
rrhythmias. As early as 1972, El-Said et al. (13) re-
arked on the frequent occurrence of arrhythmias after the
ustard operation. Both bradyarrhythmias (primarily sinus
ode dysfunction) and tachyarrhythmia (primarily AFL/
F) are common after the Mustard/Senning approach for
GA (14–16). Modifications of surgical technique have not
educed the risk (3,5,16–18). Bradyarrhythmias do, how-
ver, appear to be less important than tachyarrhythmias
ith respect to mortality (1,3,8,9). We, like others, found
o association between SND and risk for SD (5,8,18).
Atrial flutter/atrial fibrillation has been identified as a
redictor of sudden cardiac death by others. Flinn et al. (3)
eported 9 SD among 372 survivors and showed a weak
ssociation between AFL/AF and SD. Sarkar et al. (4)
eported that documented AFL/AF resulted in a 21-fold
ncrease in the risk of late SD. In contrast, Gelatt et al. (1)
ould not find a relationship between the incidence of
FL/AF and SD. Janousek et al. (19) studied 359 patients
fter Mustard/Senning operation. Fifteen patients (4.2%)
ied suddenly. By multivariate analysis, they found severe
ricuspid regurgitation and/or RV dysfunction and medi-
ally uncontrolled supraventricular tachycardia to be the risk
actors for SD. Our findings are somewhat similar to those
f Janousek et al. (19). It is difficult to determine whether
rrhythmia is the cause or the effect of ventricular dysfunc-
ion. To date, there is no study (including ours) that has
een able to determine which of these factors is primary.
Because the presence of AFL/AF could function as
urrogate marker for these structural problems (20),
emodynamic assessment is indicated in patients present-
ng with arrhythmia.
herapy. We found neither drug therapy (albeit mostly
igoxin only) nor pacemaker to reduce the risk of SD.
hether newer modalities like catheter ablation of
FL/AF can alter the impact of AFL/AF on SD remains to
e seen (21–24). However, because AFL/AF may be sec-
ndary to ventricular dysfunction, it is also possible that
ven curing the arrhythmia may not impact the risk of SD.
ymptoms. Presence of symptoms (of arrhythmia or heart
ailure) was a significant risk factor for SD. Previous studies
ave not reported this association. Indeed, Gewillig et al. (8)
ound that neither functional status nor symptoms had
rognostic value for late death. In our series, only 33% of the
D cases were symptom-free before their event, compared
ith 71% of the controls. Arrhythmic symptoms such as
alpitations, dizziness, and syncope were the most predic-
ive for SD by a factor of 21.6 (95% confidence interval of
.80 to 166.8). Heart failure symptoms resulted in a 4.4-fold
ncrease in the risk for an SD event. We also noted a
ignificant association between the presence of documented
rrhythmia (a separate risk factor for SD) and arrhythmic
ymptoms (Pearson chi-square  10.0; p  0.002).
V function. Right ventricular failure has been shown to
e a risk factor for late death in Mustard and Senning oatients (1,6,8). Janousek and colleagues (19) demonstrated
relationship between RV failure and SD in this patient
roup. Whether RV failure causes, or is caused by, AFL/AF
s unclear. Millane et al. (25) have shown that perfusion and
all motion abnormalities are common in the systemic RV
ate (10 to 20 years) after Mustard’s operation and postu-
ated this to be the cause of systemic RV dysfunction. Poor
entricular function causes RV enlargement and progressive
ricuspid regurgitation, resulting in atrial volume and pres-
ure overload. This atrial overload may contribute to the
evelopment of arrhythmias (1,20). In this context, Gat-
oulis et al. (20) showed the occurrence of AFL/AF often
fter RV failure, identifying AFL/AF as surrogate marker
or RV failure.
We were unable to show an association between RV
unction and SD because few patients had undergone
dequate echocardiography or catheterization.
The QRS dispersion and duration are reported as mark-
rs of inhomogeneity of ventricular depolarization and as
redictors of dangerous arrhythmias and SD in patients
ith tetralogy of Fallot (26,27). In Mustard patients, QT
ispersion was identified as predictor of clinical arrhythmia
20). We were unable to measure QRS dispersions. How-
ver, we did not find any differences with respect to QRS,
T, QTc intervals, and QT dispersion times between SD
ases and controls.
ode of death. Of the seven SDs in the study by Silka et
l. (11), five died during active physical exertion. In our
tudy, of the 47 SD events, 34 (81%) occurred during
hysical exercise. From a hemodynamic perspective, the
trial inflow repair of TGA suffers from two main draw-
acks. First, the systemic RV seems intrinsically suboptimal
ompared with the LV (28). Second, the absence of an
dequate capacitance chamber (namely the atrium), which
as been replaced by a baffle, inherently imposes limits to
entricular filling (29). During exercise, these patients may
ot be able to augment cardiac output in the face of rising
emand due to the above-mentioned two factors. Given
hese limitations, it is possible that occurrence of an ar-
hythmia during exercise will cause further deterioration
eading to death. In addition, this inability to increase
ardiac output may be amplified by coexisting baffle obstruc-
ion, pulmonary vein stenosis, or ventricular disease. This
nding argues for the use of stringent exercise restrictions in
igh-risk patients.
It is unclear whether exercise testing can be used as a
isk-stratifying test for SD. Although it is of interest that
ne of our SD patients had VF induced by exercise,
bnormal exercise tests were common in both SD and
ontrol patients. Meijboom et al. (30) showed that exercise
apacity correlates well with the patients own health self-
ssessment. This further supports the importance of symp-
oms in this patient group.
rrhythmia during SD. Silka et al. (11) reported that each
f the seven SDs in their study was due to an arrhythmia.
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hythm in four patients (11). We found 10 of 13 patients
ith near-miss SD (n  13) had documented VT or VF as
id 8 SD patients for whom rhythm documentation at time
f event was available. Thus, polymorphic VT/VF seems to
e the final rhythm in most cases of SD. Routine follow-up
CGs or 24-h Holter recordings showed few rhythm
isturbances and were consequently of little help in identi-
ying patients at risk. Scagliotti et al. (31) postulated that
nducible polymorphic VT at electrophysiology study may
e a marker for SD and advocated the use of electrophysi-
logy studies as risk-stratifying tests in these patients. No
tudy to date has explored this hypothesis.
Based on our findings, we would recommend undertaking
lectrophysiologic study for inducible VT/VF in patients
resenting with symptoms, and those with documented
FL/AF. Where VT/VF is inducible using moderately
ggressive pacing protocols, an ICD should be considered.
tudy limitations. This study has limitations inherent to
ny retrospective study, limiting data collection to variables
vailable from clinical records. Decisions on cardiac testing
ere based solely on clinical grounds and were not stan-
ardized for the different patients. The participation of
ight different centers with different approaches to manage-
ent and follow-up made it difficult to obtain uniform data.
f an SD case patient developed an arrhythmia after the last
linical visit and before the event, this would have been
issed and could potentially lead to underestimation of the
mportance of an arrhythmia.
We chose to perform this study in a case-matched control
etting. Such a design is open to criticism when data on
ertinent variables are not available. In our study, this
imitation results in certain pieces of data being available in
nly small subsets of patients with consequent inability to
erform statistical comparisons. We have not described data
n operation technique. Several studies have shown that the
ype of operation, the year of birth, and era of operation
nfluence late outcome in Mustard and Senning patients
9,10). To exclude the influence of these factors, we
atched SD cases and controls for these variables and have,
n addition, used controls operated and followed-up in the
ame center and surgeon as the corresponding SD case.
onclusions. Presence of symptoms of arrhythmia or heart
ailure and presence of documented AFL/AF are the best
redictors of SD in patients who have survived a Mustard or
enning operation. It is not possible to say whether
FL/AF directly contributes to SD or is merely a marker
or it. Most of the SD occurred during exercise, and when
hythm documentation was available during the SD event, it
howed VT/VF. Further studies with larger patient cohorts
ay help us decide whether any specific tests, such as an
chocardiogram, cardiac catheterization, and, particularly,
xercise testing or electrophysiology testing can improve the
ccuracy of identifying patients at risk for SD.cknowledgments
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